To promote and encourage interchange of food composition data, the EUROFOODS working group on food composition data management and interchange proposes a set of recommendations for data management and interchange using electronic media. The recommendations are "rmly founded on previous work done internationally by INFOODS and by national agencies and institutes as well as international standards. The recommendations include guidelines for the description of foods, components, compositional values and data sources. A su$ciently generic conceptual schema for food composition is de"ned to handle food composition data at various levels of aggregation and with various levels of additional descriptive information. The recommendations also include technical issues such as "le formats and media for data interchange. Software tools are presented to assist with implementation of the recommendations.
INTRODUCTION

Motivation
The results of a questionnaire that was sent to 25 European countries to compile an inventory of European food composition databases (M+ller and Schlotke, 1996) led to two main conclusions: "rst, systematic electronic interchange of food composition data is important, because data compilers depend on data from di!erent sources or like to share experience and resources. Second, data interchange among data compilers is most wanted at earlier stages of data production, i.e., levels one and two according to the four-level production framework proposed by Green"eld and Southgate (1992) .
Despite this need, data are currently not interchanged systematically on the international level due to the following problems (Schlotke, 1996) : Interchange is mostly done ad hoc or an a bilateral basis only (organizational aspect). Interchange is not or seldom formalized: di!erent software and "le formats are used; data are not su$ciently described and are therefore often hard to interpret correctly and To whom correspondence and reprint requests should be adderessed.
unambiguously (logical aspect).
Interchange is often doen on paper only or using computer media that cannot be read by the person receiving the data (physical aspect). Interchange is hindered by copyright constraints (Ricketson, 1995) 
(legal aspect).
Consequently, it was decided to develop a set of recommendations and tools to promote data interchange in Europe. This paper focuses on recommendations that address the logical and physical aspects of data interchange. If an interchange system supports these aspects, organizational networks and copyright policies can evolve.
Objectives and Scope
The above observations lead to four general objectives to be met by the proposed management and interchange system. Generality: to promote and encourage active electronic interchange of food composition data at all stages of the compilation process. This includes data interchange among data producers (i.e. laboratories), compilers and users in Europe and beyond. Therefore, the system should be generic and able to cope with the data involved at any of these stages (e.g., raw and aggregated data). Note that in this context food composition data include compositional, as well as qualitative, information about foods.
Completeness: to encourage the collection, electronic storage, and interchange of su$cient metadata to describe and identify food composition data. Plain "gures are meaningless as such. Food composition data must be su$ciently documented for proper interpretation and usage. The additional data needed to describe the actual data, its nature and production state, are referred to as metadata. In our context, metadata include source-, food-, component-, compositional value and method-description and can be found in carefully prepared scienti"c papers and laboratory reports.
Flexibility: to allow for easy addition of new types of metadata. The types of metadata can never be "xed at any point in time by some authority. Therefore, the system should allow storing and interchange of all metadata available for a given data source, even if some types of metadata are not standardized today but might be relevant for future applications. Such additions should be possible without causing major reprogramming of the system. Implementation friendliness: to allow for implementation of the system with reasonable e!ort using established technology (e.g. relational database management systems or spreadsheet applications). Software tools must be provided to facilitate and ease data interchange and management. The tools should allow the transfer of data between the interchange system and locally used food composition database management systems or any other widely used software package (e.g. spreadsheets, statistical software, etc.). This paper presents a set of recommendations for data management as well as data interchange. The focus, however, will be on data interchange issues, as it is not intended to interfere with existing data handling procedures at the various data centres. The recommendations do not serve as a "xed set of rules. Therefore, when applying the recommendations, the user is free to Finally, it should be noted that implementing the recommendations does not in itself imply any degree of quality assurance of the data. Quality assurance is part of the data description, the metadata. On the other hand, the recommendations allow the receiver or user to interpret the data in a regular and standardized manner and to judge the data quality based on their intended use.
State of the Art in Food Composition Data Interchange
Many contributions served as a basis for the recommendations proposed in this paper. One part covers technical speci"cations for data management and interchange. Other work has been done in various directions to harmonize terminology and procedures in such "elds as food-, component, method-, value and source-description.
1.3.1. ¹echnical issues. Several national food composition programs de"ned precise technical speci"cations for the publication of their food composition tables (BGVV, 1996; Burlingame et al., 1996; Corkill, 1995; Favier et al., 1995; M+ller and Saxholt, 1996; USDA, 1998) . Primarily designed for end-users and also published in printed form, these tables o!er only limited additional description of data and the level of detail is generally not su$ciently speci"c to be used as input by compilers in other countries. The format and content of these tables is mostly incompatible. Nevertheless, they served as a rich source of ideas for the more general recommendations presented in this paper. Two initiatives have been reported on the international level to harmonize data formats. First, the NORFOODS Computer Working Group discussed and practised data interchange among the Nordic Countries from 1985 onwards (M+ller, 1992) . Although a lot has changed in computer technology (e.g. networks) since then, this work has shown that data interchange is possible with only a few straightforward rules that are easy to implement with respect to the "nance and skills involved. But the group also mentioned that data interchange would be easier if data "les were more alike in terms of format, terminology and further documentation of the data. Second, the INFOODS organization always considered international food data interchange as one of their primary goals. Between 1986 and 1992, three sets of recommendations have been published: a system for food component description, the so-called tag-names (Klensin et al., 1989) , a framework for food description (Truswell et al., 1991) , and a data interchange format (Klensin, 1992) . Up to now, only the tag-name system has been implemented and is used by a number of agencies world-wide. The INFOODS data interchange system has not yet had much success. The main reasons are the lack of software tools that support this format and a conceptual problem of the format that makes it hard to write these software tools in practice. These problems are discussed in detail by Unwin and M+ller (1996) . The ongoing project &&Food Table Viewer'' software by Unwin (1999) has provided further experience with data management and a mechanism for practical and data interchange, especially at the level of data from published food composition tables. This project also addresses the question of metadata and its harmonization. The project continues with the opportunity for wider collaboration and contribution.
1.3.2. Food description. Food description includes food names, food classi"cation, sampling procedures and information on food properties such as food source, agricultural production and storage conditions, preservation and cooking methods, food additives, etc. More than 50 properties that in#uence the nutritional value of a food have been identi"ed (Truswell et al., 1991; Pennington et al., 1995) . Pictures are also a possible way to describe foods (Burlingame et al., 1995) . An overview of recent work in food description can be found in Pennington (1996) and Ireland and M+ller (2000) .
EUROFOODS
Besides plain textual description and pictures, there are basically three techniques used for food description:
1. Monohierarchical classi,cation systems like Eurocode 2 (Kohlmeier, 1995) , the CIAA Food Categorization (Codex, 1995) or the numerous proprietary food grouping systems used in each country. Although single classi"cation systems are powerful tools within speci"c application domains, they cannot cover all relevant descriptive information needed in food composition data assessment. Such classi"cations organize foods according to only one property (e.g. biological origin, nutrient content or legal aspects). In most cases, more than one property needs to be described in order to get a su$ciently detailed picture of a given food (Truswell et al., 1991) . Another problem with monohierarchical classi"cation systems is that for each food (or type of food) a distinct slot within the hierarchy needs to be de"ned and "xed forever at design time. This can lead to in#exible and huge classi"cations. A practical problem arises when designing classi"cations for international use: in di!erent cultures, people see relationships between foods in di!erent ways. A consensus on a "xed classi"cation is often hard to achieve at the international level.
2. Faceted description systems using standardized vocabularies (thesauri): To overcome the in#exibility of monohierarchical classi"cation systems, multifaceted food description systems have been developed. A given food is described with respect to several facets (i.e. viewpoint, properties or attributes). An example is the LanguaL system, originally proposed by the United States Food and Drug Administration (FDA), with its 14 facets (Hendricks, 1992; . For each facet, a standardized vocabulary (i.e. a set of possible terms or descriptors that may be applied) is de"ned in a thesaurus. A unique alphanumeric code is assigned to each descriptor. These codes can be used for international data interchange. LanguaL is currently maintained and extended under the COST Action 99*EUROFOODS initiative.
3. Faceted description systems using free text: This approach was proposed by the INFOODS working group on food description, terminology and nomenclature (Truswell et al., 1991) . This system di!ers from LanguaL in the sense that far more facets are proposed (about 50) and not all facets are supported with standardized vocabulary. Generally, free text can be applied to describe a given food with respect to a given facet.
It is not worthwhile arguing which of these systems is the &&best''. Each system has its speci"c purpose, and it has advantages or disadvantages under di!erent conditions. As a result, features from the di!erent systems can be implemented together. For example, Eurocode 2, the German BLS-code and the Slovakian faceted food code, mix the concept of a hierarchical classi"cation with the faceted approach. The strength of classi"cations and LanguaL is their strict de"nition of vocabulary and usage of codes, which makes these systems language independent (but not necessarily culturally independent) and suitable for systematic computer processing. The INFOODS system, on the other hand, is much more #exible but with the price of being less formalised which can lead to misunderstandings in data interchange and imposes di$culties on computer-based data handling. As a conclusion, all three techniques, and others like the description of foods using pictures, should be used to complement each other. Such a combination of approaches was proposed by an FDA initiative called International Interface Standard (Pennington et al., 1995 (Klensin, 1992; Unwin and Becker, 1996) . INFOODS developed a list of standard abbreviations for components to be used in data interchange. This list of so-called tag-names evolved out of a survey of components found in major food composition tables world-wide. Information on component description (component name, unit mode of expression and in some cases method of analysis or derivation) is part of the de"nition of each tag-name. Components found in di!erent food composition tables but using the same tag-name can therefore be considered to be compatible. The INFOODS tag-names are used at an increasing number of agencies throughout the world and help users to compare published food composition tables. This approach, however, has several disadvantages when used at earlier stages of data compilation: a food database compiler often needs more information than is covered by the INFOODS tag-names (e.g. accuracy of the method used). The tag-name is in#exible, especially when dealing with components whose de"nitions depend on various analytical methods (e.g. folates). Each new combination of the various aspects needs a new tag-name to be registered. It is easier to manage several more stable collections of standardized terms for each aspect of component description, than one list of tag-names representing many combinations of the basic terms. A more practical problem is that not all tag-names representing many combinations of the basic terms. A more practical problem is that not all tag-names are described with a method (and mode of expression). It is argued that these components are rational in the sense that the compositional value is independent of the (presumed) analytical method used. In this respect, the tag-name system implies a preliminary judgement of whether two components are compatible. This might be useful for the lay user but not for the expert compiler who is interested in more &&raw'' data. In contrast to the INFOODS approach, the component aspect identi"er system (CAId) suggests separating the various aspects of component description.
Method description.
Method description includes analytical as well as computational methods to generate food composition values. A proposal for harmonization of such descriptions is given in the CAId system (Unwin and Becker, 1996) . Another source of information on analytical method description is the Codex Committee on methods of analysis and sampling (Codex, 1997b) .
<alue description: Value description documents the expected variability of a compositional value and includes data on the statistical distribution of analytical measurements and indication of values that are missing, below detection limit, trace, etc. Value description is discussed in the INFOODS data interchange handbook (Klensin, 1992) . In practice, however, this information is seldom managed systematically, if at all. In particular, the statistical aspect of nutrient composition has not had much attention in data interchange in the past (Klensin, 1995) . The description and meaning of the terms trace, zero and missing value is not used uniformly in the literature (Stewart, 1988; Klensin, 1992) . A proposal for standard codes to indicate the type of missing value can be found in the work of NORFOODS (M+ller, 1992) . There is also some confusion regarding what kinds of information should be modelled as value description and what as component description, since they sometimes overlap (Unwin and Becker, 1996) . More conceptual work and clari"cation is needed in this "eld.
1.3.5. Source description. Source description includes all information needed to track the sources from which food composition data were obtained (laboratory, literature, etc.) . Source description of complete data "les has been formalized within the IN-FOODS data interchange system (Klensin, 1992) . It includes information about the institution and/or person responsible for the content of an interchange "le (i.e. the source) as well as information about the person acting as the sender of the "le. The EUROFOODS INFOODS system also introduced the concept that each interchange "le must have just one source authority attached to it. This does not imply that all the data must come originally out of the same laboratory, or even the same country. Instead it recognizes that the activity of putting together a database involves editorial and scienti"c judgement rather than mechanical concatenation of values. Source information for individual values is covered in the CAId system (Unwin and Becker, 1996) : a source type indicates the general category of a source such as food table, journal article, laboratory report, etc. Depending on the type of source, di!erent types of reference information are given (e.g. bibliographic references).
Conclusion
Today, no standardized and comprehensive international system for food composition data interchange is in use. Most of the proposed solutions focus on the distribution of published food table data to end-users. These systems are too restrictive to be used at an earlier stage of the compilation process, where more detailed information is needed.
The remainder of this paper is structured as follows. Section 2 gives the rationale behind the recommendations and de"nes the terminology used throughout this paper. Section 3 covers the four major recommendations: conceptual data schema, standardized vocabulary, "le formats and media for data interchange. Software tools for implementation of the recommendations are presented in Section 4. Section 5 discusses limitations of the current design and suggests further research and development.
A REFERENCE MODEL FOR FOOD COMPOSITION DATA
This section gives the conceptual background to the actual technical recommendations given in section 3. We propose a reference model for food composition data, which serves as a framework for both data management and data interchange. The model consists of two parts: an organizational framework and a reference data schema. The data schema is static to some extent, but allows #exible extensions for individual use. It is a conceptual schema and does not imply any speci"c "le format or database implementation. It serves, however, as a common ground for discussion of the development of speci"c implementations.
Organizational Framework: Data Management and Interchange
Data management and interchange are closely related: both tasks handle the same information and interact with each other. The operation and technical constraints, however, are di!erent. Figure 1 outlines di!erent parties involved in the production chain of food composition data and typical interactions between these parties. Based on Green"eld and Southgate (1992) , food composition data is managed at four levels during the compilation process: evel 1. Data sources: published and unpublished research papers and laboratory reports containing analytical data. Data might be systematically managed within a laboratory information management system (LIMS). evel 2. Archival data: written, printed, micro"che or computer "les that hold all original data expressed as they were originally published or recorded, scrutinized only for consistency in data format. This editing process might include translation of 714 SCHLOTKE E¹ A¸. FIGURE 1. Data interchange and management at various levels. information into standard coding or naming schemes. Such "les should contain enough background information (metadata) so that it is unnecessary to refer back to the original sources. Archival data are kept by the compiler for backup purposes. evel 3. References database: the complete pool of rigorously scrutinized data in which all values have been converted into standard units and components are expressed uniformly, but in which data for individual analyses are held separately. This database includes all foods and components for which data are available, and is linked to auxiliary records which indicate methods, sampling procedures, bibliographic references, laboratory of origin, date of insertion and other information relevant to the compilation process. This database can be part of a (relational) computerized food composition database management system (FDBMS). It is from this database and its programmes that the user databases and tables can be prepared. evel 4. ;ser databases and tables: the public resources which hold evaluated food composition data that, in some cases, have been weighted or averaged to ensure that the values are representative of the foods in terms of the use intended. User databases are subsets or derivations of the reference database, specially designed to meet the needs in terms of form and content of di!erent user groups. These databases include as many foods and components as possible, with preference being given to completed data sets. Data may be completed by calculation or estimation.
Note: There is a risk that compiler A uses data from compiler B that originates from sources already used by compiler A. Since it is often hard or even impossible to trace the history of data at levels 2}4, data from these levels must be carefully evaluated when used as input by an archival database compiler. A similar risk lies in manufacturer*or labelling*data of food products since these data may also have been derived from published food composition tables. Therefore, the data interchange system must enable inclusion of the contributing values and their description within the metadata of a derived value.
Based on this framework, the following de"nitions can be given:
Data management: any systematic form of organizing food composition data at a distinct plate, e.g., laboratory, food table compiler, food table user.
Data interchange: transfer of data between a sending party and one or many receiving parties without loss of information, i.e. the receiver should be able to interpret the data in the same way as was intended by the sender.
Interchange package: Data are always interchanged within a self-contained interchange package holding all the information needed to assess the scienti"c quality of the data. The term interchange package is used in a general sense without implying speci"c implementation techniques such as single markup "les, databases or a collection of several "les of various types. Speci"c recommendations for implementation are given in Section 3.3.
General Data Schema
People are used to publishing and reading food composition data in tabular form. Data are typically presented with foods in the rows and components in the columns (see Figure 2) . The upper left quadrant of the table may be used to hold the information that describes the table as a whole, e.g., information about the body that is responsible for the content of the table. The foods, components and values quadrants also hold additional descriptive information on these items. Figure 3 depicts a translation from the table metaphor into the entity relationship model (ERM). A data source (i.e. a food composition table/study) consists of several foods and several components. Each food-component pair may yield a compositional value. Each value is linked to its method description. There are three basic types of values (see Figure 2 ):
1. a value may be an original analytical, calculated, or estimated value of this particular data source, 2. a value might be drawn from a third-party source, 3. a value might be an aggregate of several other values, which in turn may point to third-party data sources. The second case can be modelled by linking the value to a source entity. The third case is handled by linking the value to all its contributing values, which in turn are value entities.
The schema is static in the sense that the main entity sets do not need to be changed to capture food composition data at the various levels of composition. It is #exible because it provides an open framework for further metadata to describe foods, components, methods, values and data sources. A list of mandatory and optional attributes to be used in interchange packages is given in Section 3.1. Since many of the metadata attributes depend on standardized terminology, a repository for standardized terminology is part of the general data schema. Both the list of attributes and the standard vocabulary are open to future extensions.
The main entity sets are de"ned as follows:
Source, primary source and secondary source: A data source is a set of compositional values reported by a single person, group of authors or organization. This authorship takes the responsibility for the content of a source. Besides the authorship a single person, group or organization acts as the sender of a source. The sender is responsible for the formal correctness and electronic transcription of a data source. Examples of sources are laboratory reports, scienti"c papers on speci"c studies, compiled analytical data of speci"c food groups and/or components, comprehensive food composition tables, manufacturer and labelling data, etc. A source may be available in various forms: published or unpublished reports, journal papers, articles in books, labels, etc. A source must be described with su$cient bibliographic reference information in order to be uniquely identi"ed. The primary source within an interchange package is the source to be interchanged with that package. Secondary, tertiary, etc., sources are sources on which the primary source is directly or indirectly based. In case of an original work, no secondary sources are needed.
Food: Within the proposed food composition data interchange system, we consider every food reported in a source as a single entity food, since no two foods or food EUROFOODS samples reported are exactly the same. This also applies for generic foods (i.e. a representation of a class of foods that can be considered the same under a given context, e.g. &&apple'' in a national food composition table), since we cannot assume that any two compilers of such generic foods intend to express the same thing. Examples of foods are speci"c samples analysed in a laboratory, food products from a speci"c producer, generic foods and products, mixed foods and dishes. Within a data source, each food must be assigned a unique ID (e.g. a number). Even though two reported foods (e.g. two samples) might be described using identical descriptors, they are treated as two individual entities. Whether two reported foods are comparable and might be aggregated at a later time is a decision of the data user and depends on the application and its constraints regarding data quality. The more metadata that are available to describe the food, the more precise the decision of the user (e.g. a national data compiler).
Component: We apply the same philosophy to components as we did for foods. Each component reported in a data source is unique and must be evaluated according to the available metadata. In that sense, every distinct set of values for the attributes component name, unit and mode of expression must be considered a component. Components include all properties of food that are the subject of scienti"c measurements to determine the amount of property per some amount of food (e.g. per 100 g food). In particular, components are not restricted to nutritionally signi"cant properties of foods. Examples of components are nutrients such as fats, proteins, carbohydrates, vitamins, minerals, and also contaminants or physical properties such as density, per cent edible portion or pH. Food-speci"c factors to be used in calculations may also be modelled as components (e.g. nitrogen conversion factors for protein calculation). All other properties of food that are not included in this de"nition are treated as part of the food description.
<alue: A numerical result and its statistical properties determined by an analytical process, computation or estimation of the amount of a component within a food.
Method: Chemical, physical or numerical methods to determine values of components within foods as reported in sources.
Standardized vocabulary: Standardized vocabularies are sets of agreed or standardized terms. Each standardized vocabulary is maintained and published by some authoritative body. Examples are names of countries and languages, classi"cations (e.g. food groups), units, methods, etc. Authoritative bodies may be ISO, CODEX, INFOODS, EUROFOODS, etc.
RECOMMENDATIONS
Recommendations 1 describes the complete data schema, i.e. all possible attributes and their domains, the relationships between the entity-sets and all additional entity-sets needed for implementation. It also de"nes which attributes are considered mandatory within the EUROFOODS data exchange framework and which ones are optional or recommended as further metadata (also see the appendix). Recommendations 2 lists and describes all sets of standardized vocabularies (thesauri) to be used in food composition data interchange. Some of the thesauri were developed from scratch, others were adopted from various international bodies. Recommendations 3 speci"es constraints on the "le formats to be used for data interchange and also describes procedures for data compression. Recommendations 4 speci"es constraints on the media to be used for data interchange.
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FIGURE 4. Complete entity relationship data schema: *E depicts a one-to-many relationship.
Recommendations 1: Conceptual Data Schema
Each food composition study to be interchanged (interchange package) is stored as a relational database. The relational approach was chosen because of the popularity of relational database systems, which allow for rapid implementation. A translation into object-oriented data models or into an XML document-type de"nition (DTD) (Connolly, 1997; WWW, 1999) would result in a more elegant representation of the data. This is possible and left to local data managers. The entity relationship schema depicted in Figure 4 is a re"nement of the schema presented in Figure 3 . The additional entity sets are necessary to store metadata to further describe source, food, component, value and method entities. The highlighted entity sets are implemented in a special way as described in Section 3.1.1. All relationships between entity sets are conditional, i.e. an entity in one set (in one table) does not necessarily have to be related to an entity in the related set. At the attribute level, however, we will classify some attributes as mandatory in order to guarantee a certain level of documentation in EUROFOODS interchange packages. A detailed list of attributes and their de"nition is given in the appendix.
Special modelling and implementation of meta-tables.
The following requirements apply to the entity sets highlighted in Figure 4 : source, content, food, component, method, publication, organization and person. We call these entity sets meta-tables. It should be possible to E add further attributes in the future without much extra programming, E interchange only those attribute values within a table that are actually used, EUROFOODS E use set-valued attributes, i.e. attributes that hold more than one value, E use several languages (translations) for textual data description, E indicate preferred terms and multiple synonyms for a textual description, E allow for free text-and thesaurus-based descriptions in parallel, E annotate every single value if necessary, E process the data with standard relational database management systems.
To meet these requirements using relational database technology, the corresponding entity sets are implemented using the schema given in Table 1 . This technique allows description of an entity (a food, component, method, etc.) with an arbitrary number of property/value pairs in multiple languages, with multiple synonyms, and to attach annotations to every single value if necessary. Within such a table, each combination of [EntityID, PropertyID, Value/Memo Value, Preferred, Language] must be unique. Thus, these attributes form the key of the table. Note that in the remainder of the paper, the term attribute is used for attributes in the sense of column headers in relational tables, whereas the term property is used for names of properties in the property/value pairs described above.
3.1.2. Formal conventions. This section de"nes some formal conventions used for the complete schema description in the appendix.
Generic IDs: A generic ID is assigned to each entity (e.g., food, component, method, etc.) in each of the entity sets in the schema. IDs are implemented as positive integer values. It is left to the receiver of an interchange package to resolve the IDs to whatever system he or she uses to store multiple interchange packages in an integrated archival or reference database. IDs must be unique, i.e. no two entities can have the same ID. Further, IDs must be consistent within an interchange package, i.e. references to other entity sets must point to existing entities and all entities must be reachable through the primary source.
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Isa-type relationships: Even though isa-type relationships are not directly supported by the relational data model, they often occur in real-life applications. As an example consider bibliographic reference data. Books, reports or journal articles are data sources (&&a book is a source''). Di!erent attributes are needed to describe a publication, depending on its type (e.g. a book has an ISBN whereas a journal article does not). For data interchange through relational databases, we propose a straightforward approach: e.g. all data on all sources are stored in a single table Source. Each source is assigned a property publication type, which triggers other applicable properties.
Properties: For each entity set in the database schema, a list of all possible properties is provided. Each property is given a name, a unique 8-character property-id to be used in interchange packages, a data type (see Table 9 ) and a priority. Further notes and explanations are provided for each property under scope note. The list of properties also shows the isa-type relationships in hierarchical form. Some properties are grouped for ease of discussion. Group headers are printed in italics and might be of interest for implementation in future editing or browsing software. As a default rule, a property Remark of type memo Memo (MEM) is assigned to each table within the database schema. This allows storing of all additional information not covered elsewhere in the schema.
Set-valued attributes: Data types of properties that allow more than one value are printed in brackets: e.g. +THS,. Data of type String (STR) and Memo (MEM) are always considered to be set valued in order to allow multiple translations of the text.
Priorities: The working group agreed that priorities of properties should be based on the level of operation. The lower the level, according to the four-level structure presented in Section 2.1, the more metadata are expected because the data reported are closer to their original source. The priorities given in the following sections should be interpreted as seen from a food composition data compiler's point of view. There are three priorities:
E Mandatory (M) properties build the core set of data that is needed to be able to capture the basic idea of a given food composition study. E Recommended (R) properties should be considered the goal for everyone participating in data interchange. E Optional (O) properties only apply to special circumstances and serve as a guideline to possible points of important data.
Priorities are also given for whole entity sets (i.e. tables). If a recommended or optional entity set is used, the priorities for its properties apply as indicated in that entity set.
Complementary use of thesaurus-based values and free text:
Properties that use THS as their data type only allow values that are part of the corresponding thesaurus. If for some reason the given thesaurus is not adequate, if a certain term is missing in the thesaurus, or if free text description is preferred over standardized vocabulary, the MEMO attribute should be used instead of the VALUE attribute. Further remarks should be placed in the REMARKS attribute. This mechanism allows the user to use both systems in parallel or to introduce new terms that might become standard in the thesaurus at a later time.
Recommendations 2: Standardized <ocabulary
This section lists those standard vocabularies (thesauri) that have been especially developed for the recommendations. Other thesauri are adopted from existing EUROFOODS standards. For references see the appendix. Each thesaurus consists of a set of concepts that may be arranged within a hierarchy. A concept is represented by a main descriptor*a term representing the concept*and may be further described with a scope note and synonyms. The o$cial thesauri will use English as their main language. It is up to each user to translate thesauri for local usage. However, it is recommended to establish a central authority within each country to maintain and publish translations. It is also a wise idea to share translations among countries using the same language (e.g. Germany, Austria and Switzerland). EUROFOODS will try to keep track of existing translations. This information will be accessible through the EUROFOODS homepage. The "elds describing the concepts within a thesaurus are given in Table 2 . Further "elds for version control of concepts are available within the Thesaurus Manager software.
3.2.1. Publication types. The publication type lists general terms for describing ways of publishing food composition data (Table 4) .
3.2.2. Acquisition ¹ypes. The acquisition type lists general terms for describing general categories of food composition data sources and methods of data acquisition, e.g. laboratory, food composition compiler, food industry claim, etc. (Table 3) .
3.2.3. <alue types. The value type is designed to further describe the "gure in Besţ ocation in the <alue table, or to give a qualitative description of the value when no Best¸ocation can be given (Table 7) .
3.2.4. ;nits. Unit description is in#uenced by International Standard (ISO 1000, 1992a). The standard is extended with food composition speci"c units. Table 5 lists the units that have so far been identi"ed to be relevant to the "eld. Table 7. 3.2.6. Method types. The method type lists general terms to describe how a value was obtained or generated (Table 6 ). memo "elds must be enclosed in double quotes (''"ASCII 34). Alternatively, the "xed-length "le format may be used to support a wider range of software on the various computer platforms. Another advantage is better legibility if the "le is viewed in a text editor. Memo "elds, however, may vary and a maximum length must be computed for each "eld in advance. In both cases, the "rst line in the "le must contain the standardized "eld names as given in recommendation 1. In case of "xed-length "les, the "eld name must be followed with its length in brackets (see Example 2). 
Modes of expression. See
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Example 1 (;-delimited): --------------------------------------------------------------------------------------FRSTNAME; LASTNAME; EMAIL
&&Anders''; &&M+ller''; &&amoeller@vfd.dk'' &&Wulf''; &&Becker''; &&wulf.becker@slv.se'' ) ) ) All given decimals must be signi"cant. Do not cut trailing zeros, 5.0 i.e., trailing zeros should be used to indicate signi"cant decimals FRC Fraction: a decimal number between 0 and 1 (0 and 1 inclusive) 0.34 BLN Boolean: 1"true, 0"false 0 THS Thesaurus entry: use valid interchange codes in string format B0123 FIL Additional (multimedia) Files: Generally, "les are referred to as IMG123.JPG URLs. If a leading &&http://'' or &&ftp://'' is omitted, &&"le://MMFILES/'' http://xyz.com is the default, i.e. a simple "lename refers to a "le in the directory /images/apple. MMFILES which is part of the interchange package. Files must use gif 8-character long "lenames with an up to 3-character long "le ftp://abc.org/ extension (also see Table 10 ). Future versions of the recommendadocs/manual.doc tions will allow for longer "lenames KEY/ Keys and foreign keys: Positive integers'0 as described in 136523 FKY Section 3.1.2 3.3.3. Data-type formats. Within an interchange package, the data types given in the database schema in recommendation 1 must use the text formats given in Table 9. 3.3.4. 00Readme11 ,le. Extra information extending the recommendations (e.g. further text or database documents) may be added and must be described in a text "le (README.TXT) using text encoding according to Section 3.3.1. The "le format speci"cations concerning "eld separation of the database tables must be speci"ed within the README.TXT "le.
Example 2 ( ,xed-length): --------------------------------------------------------------------------------------
3.3.5.
Bundling and compression of ,les. For ease of handling and to reduce data size, the whole database as described in recommendation 1 can be compressed and bundled into one "le. The following rules apply for "le compression: It is recommended to use ZIP-compression. The ZIP format is widely used and software for decoding is available on many platforms. Within a compressed archive paths relative to the root directory should be used. Self-extracting archives (.exe) that can be run under the MS DOS operating system should be used only with bilateral agreement.
3.3.6. Directory structure and ,lenames. The "les that form a food composition database should be named and arranged as given in Table 10 . All "les within the &&DB''-directory must be present even if they do not contain any data.
EUROFOODS TABLE 10
Directory structure for interchange packages File/Directory name Explanation "le formats use data compression (unlike TIFF-"les) README.TXT
The &&readme'' "le (see Section 3.3.4)
Recommendation 4: Media to ;se for Data Interchange
Food composition data packages as described in the previous recommendations should be exchanged using either a physical storage device or the Internet as a transportation medium. The following basic rules should be applied to guarantee maximal system compatibility on the physical level.
3.4.1. Physical storage devices. Only diskettes and CD-ROMs should be used for data interchange. In case of doubt about the technical facilities of the receiver, diskettes should be preferred. Diskette: DOS-formatted PC-diskettes with 1.44 MB capacity should be used since Macintosh and Unix systems can handle this format too.
CD-ROM:
No further restrictions apply to CD-ROMS since all CD-ROM systems adhere to the same international standard (ISO 9660; 1988f ) . Note that there is a trend towards DVD (Digital Versatile Disc). DVDs will be recommended as soon as this standard is established and widely available on the market.
3.4.2.
Internet. If data "les are transferred over the Internet using e-mail, File Transfer Protocol (FTP) or the World Wide Web (WWW), the following rules should be applied:
E-mail: The names and formats of all attached "les should be mentioned in the e-mail body. Files should be sent as MIME compliant e-mail attachments (MIME"Multipurpose Internet Mail Extensions see Internet RFC 2045 , 2046 and 2049 . Proprietary solutions only available within certain mailing tools, intranets or computer platforms should be avoided.
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F¹P: FTP allows the transfer of "les in text mode or binary mode. Binary mode should be used in all cases to preserve the original "le structure and prevent the conversion of text into proprietary representations.
===: The authors are not aware of speci"c problems concerning the transmission of data "les via WWW using the HTTP protocol.
TOOLS FOR IMPLEMENTATION
To promote the implementation of the EUROFOODS recommendations, we are developing software tools for various tasks. Since this development is an ongoing process, we will only give a brief summary of the current status. Further results will be presented via the EUROFOODS homepage at http://food.ethz.ch/cost99/. The following tools are available or under development.
E ¹emplate for data schema: the data schema as described in recommendation 1 is available as a Microsoft Access "le. E ¹emplate for standardized vocabulary database: This Microsoft Access "le allows the user to build a repository of multiple standardized vocabularies (thesauri). E ¹hesaurus Manager. This Microsoft Windows-based software tool can be used to build, maintain and translate consistent standardized vocabularies (i.e. thesauri, mono-and poly-hierarchic classi"cations, grouping systems, lists of terms, etc.). It is planned to modify this tool to access the Microsoft-Access-based standardized vocabulary database via ODBC. Currently, this tool stores a standardized vocabulary in dBASE IV format. E Repository for multiple interchange packages. This Microsoft Access "le extends the data schema for single interchange packages in order to store multiple interchange packages. A Microsoft-Access-based program code is provided to import interchange packages which follow the recommendations. E Generic === interface to the repository: This software is based on Microsoft's active server pages (ASP) and allows the user to browse the repository for multiple interchange packages over the internet. It also uses the standardized vocabulary database described above. E Processing of complex queries: A WWW-based application is available via the LanguaL homepage (http://food.ethz.ch/langual/) to demonstrate the possibilities of thesaurus-based database queries. The foods of four national food composition databases (France, Denmark, Hungary, U.S.A.) can be searched in a #exible way using LanguaL thesauri (Hendricks, 1992) . E Data Editor/Browser: A Microsoft Excel based editor and browser is under development. This tool helps the user to build and to view interchange packages according to the recommendations with a convenient Windows-based graphical user interface. Since this tool is based on Excel, import and export of data from other software is straightforward.
DISCUSSION AND FUTURE DIRECTIONS
The present recommendations for food composition database management and data interchange have been designed to be implemented using relational databases. Thus, we are able to build on existing and widely used technology. The relational database approach, however, has some disadvantages as discussed in Section 3.1. This problem is well known in the "eld of scienti"c and statistical databases (Shoshani, 1991) .
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Furthermore, to interchange a complex relational database, several "les must be interchanged (one for each table) . It is therefore planned to translate the data schema presented in this paper into an XML application (extensible markup language) (Connolly, 1988; WWW, 1999) once this Internet standard has been established. All data within an interchange package could then be stored in a single text "le following a well-de"ned grammar. XML o!ers conceptual and technical solutions for the problems mentioned above because data can be treated in a more object-oriented way. XML is a meta-language for the design of markup languages such as HTML. A markup language de"nes the way to describe information in a certain class of documents (e.g. HTML and hypertext). In contrast, XML allows the user to de"ne customized markup languages for many classes of documents. XML is a simpli"ed dialect of SGML (Herwijnen, 1994) and was designed to make it easier to use SGML on the WWW. Using XML, we would be able to de"ne a food data markup language (FDML). It would share the idea of marked-up text as proposed by the INFOODS data interchange format (Klensin, 1992) . Our design described in Section 3.1, however, would lead to a di!erent structure in order to overcome the drawbacks described by Unwin and M+ller (1996) .
Another area that needs further development is recipe management and interchange. Although it is possible to handle recipes (i.e. ingredients and recipe procedure) in the current recommendations, it is not yet possible to interchange important information used in recipe calculation such as nutrient loss and gain factors and weight loss factors (yield).
Although the recommendations have been successfully implemented in Switzerland and form the technical basis for the Swiss food composition program, further multinational trial studies are needed to investigate the usefulness of the proposed properties within the metadata schema (recommendations 1 and 2).
CONCLUSIONS
We developed recommendations to enable consistent data interchange between food composition data producers, compilers and users. The recommendations, however, do not explicitly interfere with, or cover, internal laboratory management procedures. The recommendations are especially useful to disseminate national food composition tables or to interchange speci"c food composition studies among data compilers.
The "rst part of the recommendations de"nes the kinds of descriptive data to be considered when dealing with food composition data. It also suggests standardized vocabulary to be used in these descriptions. The second part covers technical issues of data interchange, such as "le formats and media to use for data transfer.
The recommendations can be implemented at various levels of detail and allow for future extensions. In particular the properties used to describe foods, components, compositional values, analytical and other methods, and data sources, together with their standardized vocabulary, can be extended without a!ecting the core design of the recommendations. Thus, it is not necessary to rewrite software tools after such changes. Using this framework people can gradually extend schemes of metadata and vocabularies. The market and future experience will decide what types of metadata will form the core for future recommendations for food composition data interchange world-wide.
Besides allowing for data interchange, the recommendations can also be used as a framework to develop data management procedures for archival and reference databases. The Swiss team implemented a prototype archival database (repository) to store multiple interchange packages and allow for uniform data access across such 730 SCHLOTKE E¹ A¸. The authors would like to thank the EU COST Action 99, &&research action on food consumption and composition data'', for the "nancial support of various meetings that made this work possible.
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